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ABSTRACT 
Failure analysis of structures has gained a considerable interest in many engineering 
areas. The aim of this research is to determine the root cause of the structural failures 
which can reduce the failure risks and prevent similar failures in the future. This 
thesis presents experimental investigations for the failure of a superheater tube of a 
coal-fired power plant using several failure analysis procedures. The failure analysis 
comprised of visual inspection, optical microscopic, scanning electron microscopy 
combined with the energy dispersive X-ray spectroscopy (EDS) and energy 
dispersive X-ray diffraction (EDXD). A sample of a total-fractured superheater tube 
obtained from an industry was used in this investigation. Initial visual investigations 
found that the superheater tube had a longitudinal crack. This fracture appearance is 
called fish mouth stress rupture. The specimen was initially cut, mounted, grinded, 
polished and etched. A significant oxide layer of 1.75mm in thickness was occurred 
in the steam side surface. The optical microscopy and scanning electron microscopy 
were used to identify intergranular cracks, voids, elongated grain and deposit layers. 
The EDS and EDXD were used to identify types and compositions of the oxide 
substances. The results revealed that the steam and fire side surfaces consist of 
sodium iron oxide, hematite and magnetite. The study also demonstrates that the 
superheater tube of a coal-fired failed due to creep mechanism. This resulted in 
overheating problem inside the tube; caused by deposit layers, which contributes to 
the creep mechanism. Periodically cleaning and maintenance should be done in order 
to avoid accumulation of deposit layers. 
Y 
A B S T R A K 
Analisis kegagalan struktur meaipakan suatu elemen penting dalam pelbagai bidang 
kejumteraan. Kajian ini dijalankan untuk menentukan punca kegagalan sesuatu 
struktur bagi mengurangkan risiko kegagalan seterusnya menghindarkan kegagalan 
serupa daripada berulang. Tesis ini menjelaskan hasil kajian eksperimen yang 
dijalankan ke atas struktur tiub panas lampau sebuah loji kuasa arang batu 
menggunakan beberapa prosedur analisis kegagalan. Ini merangkuini kaedah 
pemerhatian, mikroskop optik, mikroskop pengimbas elektron dengan spektroskop 
X-ray serakan tenaga (EDS) dan pembelauan X-ray serakan tenaga (EDXD). Sampel 
bahan kajian yang digunakan adalah merupakan sebatang tiub panas lampau sebuah 
loji kuasa yang telah pecah. Pemerhatian visual telah mendapati bahawa tiub panas 
lampau telah mengalami keretakan membujur. Kegagalan ini dikenali sebagai "fish 
mouth stress rupture". Spesimen ini perlu terlebih dahulu melalui proses 
pemotongan, pemesinan, pencanaian, penggilapan dan punaran. Lapisan besi oksida 
setebal 1.75 mm dikesan di bahagian dalam dinding tiub. Mikroskop optik dan 
pengimbas elektron telah digunakan untuk mengenalpasti fenomena keretakan antara 
ira, lompang, pemanjangan ira dan lapisan endapan. Mikroskop EDS dan EDXD 
telah digunakan untuk menentukan jenis dan komposisi bahan oksida. Hasil kajian 
menunjukkan bahawa di bahagian permukaan dalam dinding tiub mengandungi 
sodium iron oksida, hematite and magnetite. Kajian juga memperlihatkan bahawa 
kegagalan tiub panas lampau sebuah loji kuasa arang batu berpunca dari mekanisma 
rayapan. Lapisan endapan yang wujud menyebabkan fenomena masalah panas 
lampau di dalam tiub yang menyumbang kepada mekanisma rayapan. Proses 
penyelenggaraan dan pembersihan tiub harus dilakukan secara berkala bagi 
mengelakkan pengumpulan lapisan endapan. 
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C H A P T E R I 
I N T R O D U C T I O N 
1.1 I n t r o d u c t i o n 
Failure analysis is an engineering approach to determining how and why 
equipment or a component has failed [1], The goal of a failure analysis is to 
understand the root cause of the failure so as to prevent similar failures in the future. 
The cause of failure can play a role in establishing liability in litigation. Failure 
analysis is important to determine the original, proximal cause of a failure. 
Failure analysis of boiler tube is important to understand the root cause of the 
failure in terms of both the material of the tube and the boiler operation. There are 
many types of approaches in analysis of the boiler tube failures. However, estimation 
can be made on the capability of tubes and thus simply boiler time of failure. The 
results and finding should able to identify the cause of failure and indicate the tvpe of 
mode failure at the respective failure region. 
? 
1.2 S t a t e m e n t o f P r o b l e m 
As received one piece of superheater tube from industry with ASME 
specification SA-213-T22 grade steel. The superheater tube has undergone five years 
of service. The normal operation temperature of this tube was 540 °C and the type of 
the firing was coal-fired. The received superheater tube was completely fractured. 
Therefore the problem is to know what cause of fracture superheater tube. 
1.3 O b j e c t i v e o f S t u d y 
There are three primary objectives of this study. The first objective is to 
examine the evidence presented by the superheater tube failure and from that 
evidence, determine the failure mechanism. The second objective is to determine the 
root cause of the failure. The third objective is to recommend corrective measures 
that can prevent similar failures. 
1.4 Scope of S t u d y 
The scope of this study is as follows: 
1. Collect failure mode inventory of the fractured boiler tube. 
2. Sample investigation conducted by optical microscopy (OM), scanning electron 
microscopy (SEM) combined with energy dispersive X-ray spectroscopy (EDS) 
and energy dispersive X-ray diffraction (EDX). 
3. Analyze the investigation results in the cause of fractured superhater tube. 
J 
4. The findings results of superheater tube fracture will be compared with unused 
tube sample and failure mode inventory. 
C H A P T E R I I 
L I T E R A T U R E R E V I E W 
2 . 1 I n t r o d u c t i o n 
Superheaters in utility boilers increase the temperature of saturated or near-
saturated steam in order to increase thermodynamic efficiency of the power cycle or 
provide the desired process conditions. In general terms, they are simple single phase 
heat exchangers with steam flowing inside the tubes and flue gases passing the 
outside the tubes, generally in cross flow Figure 2.1 [2], Platen superheaters are 
generally exposed to high temperature and pressure particularly at tip sections where 
the flue gas temperature may rise to more than 1000 °C [3], With a steam 
temperature of 540 °C inside the tube the outer metal temperature may exceed 600 
°C. Tube materials may vary from carbon steel to low Cr ferrite to austenitic stainless 
steel. Superheater tubes under operating condition are very much prone to the 
formation of oxides on both inner and outer layers. Initially the outer oxide layer is 
essentially Fe^O.} type and inside the tube is a spinel-type oxide containing steel 
alloying elements. The compositions of the deposit on the outer wall depend on the 
type and nature of the fuel and the conditions of the combustion. The corrosion of the 
outer wall is caused by the deposition of sodium and potassium sulphate. Fieldner [4] 
indicated at least 182 other investigators had examined the fusibility of ash based on 
